Summary
(-)-Hydroxycitric acid (HCA) is a competitive inhibitor of the enzyme ATPci -trate-lyase, which inhibits lipogenesis in the body. Moreover, HCA increases endurance exer cise performance in trained mice and athletes. However, had not been investigated in untrained animals and humans. Therefore, we investigated the effects of short-term HCA ingestion on endurance exercise performance and fat metabolism in untrained women . In two experiments designed as a double-blind crossover test, six subjects ingested 250mg of HCA or placebo (same amount of dextrin) via capsule for 5d and then participated in cycle ergometer exercise. They cycled at 40% VO2max for 1h and then the exercise intensity was increased to 60% VO2max until exhaustion on day 5 of each experiment . HCA tended to decrease the respiratory exchange ratio (RER) and carbohydrate oxidation during 1h of exercise. In addition, exercise time to exhaustion was significantly enhanced (p<0.05). These results suggest that HCA increases fat metabolism, which may be associated with a decrease in glycogen utilization during the same intensity exercise and enhanced exercise performance. Key Words hydroxycitrate, RER, fat oxidation, exercise Many researchers have investigated endurance exer cise performance in trained subjects. However, untrain ed-state must also be emphasized because, not only enhancement of exercise performance in trained ath letes, but also health promotion is important and mean ingful to people.
Energy utilization systems during exercise are differ ent with or without training state. For example, endur ance exercise training reduces malonyl-CoA concentra tion (1) and increases mitochondria content (2), mitochondrial uptake of long-chain fatty acids (3), and fatty acid binding protein expression (4) . Therefore, fatty acid oxidation is increased. In these situations, the ingestion of some supplements that cause increased lipid oxidation might have a positive effect on fat utiliza tion. Caffeine ingestion, however, causes more lactate production and accumulation followed by shortened endurance exercise time in untrained subjects (5): oth erwise, trained sub jects show higher plasma free fatty acid (FFA) concentration and delayed exercise time to exhaustion (6) .
(-)-Hydroxycitric acid (HCA) is known to reduce body fat accumulation after a few weeks of ingestion (7) , resulting in a decrease in appetite (8) . HCA, a E-mail: kwlim2l@hotmail.com potent inhibitor of ATP citrate-lyase (EC 4.1.3.8, 9), inhibits fatty acid synthesis and reduces appetite in rodents (10) . However, there are few articles consider ing HCA ingestion in relation to exercise performance . Ishihara et al. (11) reported that HCA ingestion for 13d increases fat oxidation and endurance exercise time about 43% compared to a control placebo in mice . These findings have been confirmed for human athletes as well (12) .
A previous study regarding controlled HCA ingestion was performed with only trained subjects (13) . There fore, in the present study we investigated how HCA affects energy substrate utilization and endurance exer cise performance in untrained women.
METHODS
Subjects. Six females agreed to participate in the study after being informed of the nature of the experi ments. Subjects were nonsmokers and draink alcoholic beverages socially 2-3 times a month. They did not take any kind of drug or pharmaceutical and had not par taken in any type of exercise training for at least the past 6 mo. We did not control their food consumption or private lifestyle. However, lipolytic food consumption like caffeine in coffee, green tea and black tea was inhibited during the experimental period except for cap Carbohydrate and fat oxidation Carbohydrate oxidation (Fig. 3A) increased at the ini tiation of exercise and slightly decreased during 1h exercise, but fat oxidation (Fig, 3B ) increased in the late period of exercise. Carbohydrate oxidation during the exercise period was not different between the HCA and placebo trials. Fat oxidation in HCA trial tended to increase as compared to that in the placebo trial, but the difference was not significant.
Blood measurements
The blood glucose levels were increased by consum ing the meal (-120min) and slightly decreased during exercise in the HCA trial as compared to the placebo trial (Fig. 4A) . The lactate levels during exercise were increased in placebo trial, but not to a significant degree (Fig. 4B) . The FFA concentrations were de creased by consuming the meal and increased at the initiation of exercise (Fig. 4C) , The levels during exercise were slightly lower in the RCA trial than in the placebo trial. Endurance exercise capacity Exercise time to exhaustion at 60% VO2max after 40% VO2max for 60min was significantly longer in the HCA trial (p<0.05; Fig. 5 ).
DISCUSSION
The aim of the present study was to investigate the short-term ingestion of HCA on endurance exercise per formance in untrained women, We tried to show in this study that whether or not the ingestion of 250mg HCA for 5d would increase fat oxidation and improve endur ance performance. HCA is an active ingredient that is extracted from the rind of the fruit Garnicia cabogia, a native species of India, HCA is a potent competitive inhibitor of the extramitochondrial enzyme ATP citrate-lyase (10), and also increases the rate of hepatic glycogen synthesis and decreases body weight gain (17) .
Focused on body weight control, HCA ingestion for a period of months failed to result in the loss of body weight and body fat (7, 18) . This is unlikely, since the conversion of citrate into acetyl-CoA by ATP citrate lyase only occurs when energy intake exceeds the energy requirements of the body (19) . It is well known that during low-to-moderate intensity exercise, more FFA are released from adipocytes into the blood than in resting condition. These FFA are re-esterified or used as an energy source during exercise. Therefore, when energy intake exceeds the energy needs in the active muscle, the conversion of citrate into acetyl-CoA occurs during exercise. Consequently, HCA would be an effec tive inhibitor of carbohydrate oxidation, especially dur ing moderately intense exercise. Therefore, the effects of HCA ingestion might be emphasized with physical activity.
However, acute ingestion of HCA did not change fat oxidation during exercise or at rest (20) . On the con trary, Ishihara et al. (11) reported that short-term ingestion of water-soluble type HCA, which we used in the present study, increased fat oxidation in trained mice. The physical conditions as to trained or untrained showed different energy metabolisms during exercise. Endurance exercise training reduces malonyl-CoA con centration (1), increases mitochondrial number (2) and mitochondrial uptake of long-chain fatty acids (3), and so on. Therefore, fatty acid oxidation increased and car bohydrate oxidation decreased during exercise of the same relative intensity for trained subjects. Acute ingestion of HCA did not affect energy sub strate utilization, especially in fat oxidation (7, 21) . However, the short-term administration of HCA lowers RER and increases fat oxidation in trained subjects (13) . In untrained subjects, HCA ingestion significantly decreased RER after 30min of exercise as shown in the present study (Fig. 2P) . However, the effects were lower than those of trained subjects (12, 13) , because train ing might enhance the fat oxidation rate. Our experi ment was designed to test two different exercise intensi ties, 40% and 60% VO2max. These two intensities showed the effects of glycogen sparing during prolonged endurance exercise performance. The fat oxidation rate during the latter stage of exercise increased in trained subjects (13) and increased slightly in untrained sub jects in the present study (data not shown).
In the present study, blood glucose and lactate con centrations during the former stage of cycle ergometer exercise were not significantly affected by HCA inges tion (Fig. 4) . However, Van Loon et al, (20) reported that the lactate concentration was decreased by acute ingestion of HCA during exercise, although not signifi cantly, as in the present study. These findings suggest that short-term ingestion of HCA might delay the lac tate threshold since HCA has an inhibiting effect on carbohydrate oxidation (11, 13) . Plasma FFA concen trations were not significantly affected by HCA inges tion. Considering the characteristics of HCA , it dose not have a lipolysis effect, which increaes FFA concentra tion as Ishihara et al. (11) reported. They suggested that the acute ingestion of HCA increases serum FFA concentrations in resting mice. The enhancement of fat oxidation during exercise could lead to increased endurance exercise perfor mance. In the present study, the cycle ergometer exer cise time to exhaustion after 1h of 40% VO2max exer cise was significantly enhanced by HCA ingestion . The increased fat oxidation with HCA ingestion may be attributed to the modification of CPT-I (carnitine palmi toyltransferase-I) activity (19) ; malonyl-CoA inhibits CPT-I activity in the cytosol, but its effect is suppressed by HCA as described above even in untrained state .
In summary, the short-term ingestion of HCA enhanced fatty acid utilization during moderately intense exercise in untrained women . Depressed energy utilization of carbohydrates by HCA during the former stage of exercise became important for keeping the energy source during the latter stage of high-intensity exercise in untrained subjects as observed in the trained subjects, Therefore, HCA ingestion (250mg per day) at least 5d before exercise can be considered an effective nutritional ergogenic aid for untrained people before participating in some types of exercise activities.
